Individual Views
Vegetative nerves in the duodenum of white rat
The fine structure of vegetative nerves in the duodenum is not diffe rent in substance from that in the stomach, as previously reported. No observation was made that would substantiate the traditional neuron 297 theory, but only the formation of a great reticular nervous system was remarked. Let me outline my views thereon in the following.
The entering nerves into the duodenum derive from the vagal and sympathetic nerves and are in nervous anastomosis at many points on their way. Upon reaching the adventitia of the duodenum, they run inwards from the outer muscular layer and come into close relation to the Auerbach's plexus between the two muscular layers. From this plexus, many minute branches are projected, which come into anastomosis with the Meissner's plexus in the tela submucosa in many points.
The Auerbach's plexus is diffused over a comparatively large area between the inner and outer muscular layers in the cross section of the duodenum. In plane sections, it is seen as a conspicuous rhomboid plexus, with groups of nerve cells here and there, as it is the case with the stomach.
The Meissner's plexus is in remarkable growth in the tela submucosa, especially in its outermost layer, and is provided with many groups of nerve cells in it. The distribution is somewhat different from that in the stomach in white rat, as the nerve cells are disposed in all parts of the submucosa in a diffused state.
The Auerbach's and Meissner's plexuses are well developed but the nerve cells themselves are in a very low stage of evolution, as shown in Fig. 1 , as it was also the case in the stomach, and their morphological classification into the two Dogiel's cell types is impossible. But they are probably sympathetic in their nature, because they are almost all multipolar, like those in the stomach. The vegetative nerves in the duodenum, similar to those in the stomach, consist of parasympathetic fibres from the vagus, sympathetic fibres from the sympathetic nerves and long processes from the multipolar nerve cells in the duodenal wall. As described hereunder , sensory nerve fibres also come into the duodenum (Fig. 2) , which are easily distinguished Thin fibres are vegetative fibres. Same staining, X500, reduced to 2/3. from the vegetative nerve fibres, due to their mutually different peculiar histological nature, while the histological distinction of the sympathetic and parasympathetic nerve fibres is impossible, as the two types of fibress come into many mutual anastomoses and ramifications, as in the case of the stomach. The long processes of the intramural nerve cells are also undistinguishable from the two types of vegetative fibres above, at the periphery.
In the muscular layers, nerve bundles in various sizes are found to occur, which derive from the Auerbach's plexus standing in close re lation with the entering vegetative nerves, but they also do not end freely but always come into mutual anastomosis and finally run into the terminal reticulum. On the other hand, some of the branches from the Auerbach's plexus go over into the Meissner's plexus that is in diffused formation in the tela submucosa. The Meissner's plexus is developed less as it ap proaches the mucous membrane but gives forth many minute branches thence to the lamina muscularis mucosae and lamina propria mucosae.
The terminal formation of the vegetative nerve fibres is also here represented by the cord-like prolonged terminalreticulum (Stohr) con _ This never ends free, but comes into endless mutual anastomosis. The terminalreticulum in the duodenum is especially in marked growth in the muscular layers and the tela submucosa and the innervation by contact of the smooth muscle fibres and gland cells is very conspicuous. The terminalreticulum to the nerve cell group does not run cord-wise but is represented as. a network consisting of slightly thicker neuro-fibrils and disposed in the whole area of nerve cell group, surrounding many nerve cells commonly. Its histological image is seen as rather indistinct and in a far lower stage of development in comparison with the human cases. As may be readily seen from the above description, the terminalre ticulum of the vegetative nerve fibres is both sympathetic and para sympathetic at the same time. Thus, in the case of sympathetic stimulus given at the nerve center, the Schwann's cells in the terminalreticulum, which are suposed to be endocrine, secrete adrenalin in response to the sympathetic stimulus, while when a parasympathetic stimulus comes in, acethylcholin is secreted, and these secretions will determine the functions of the innervated cells. This is the same as I have reported on the nerves in stomach.
Sensory nerves in white rat duodenum Seto3) has found a considerable number of sensory nerve fibres origi nating in the nn. splanchnici running into the duodenum by tenth month human embryo and ascertained their terminal formations. He is under the notion that these nerve fibres play an important part in the reflex secretion of digestive juice normally, and in pathological cases, the pain sensation in the duodenum. In continuance of his study, I could ascertain the existence of con spicuous sensory nerve fibres and their endings in the duodenum in white rat, a kind of mammlas of comparatively lower evolution. Thus it is beyond doubt that the sensory transmission in the duodenum is dependent on the cerebro-spinal sensory nerve fibres, as well as it is the case in the stomch, where the existence of sensory fibres in the wall has been as certained previously. Consequently the traditional positulate of sensory transmission by vegetative nerve fibres is doomed to natural death. I wish to assert in particular that the pain sensation in stomach and duo denum has nothing to do with any autonomic nerve fibres of a so-called sensory nature as postulated by Muller,6) Kure and Okinaka.7)
My views on the existence of sensory nerve fibres and their endings in the duodenum in white rat are as follows. Since the sensory nerve fibres are characterised by the considerable thick axon-cylinder and the having of the medullar sheath, they may be quite easily distinguished from non-medullated thin vegetative nerve fibres and the transit of the sensory fibres into the duodenum is very distinct. These are probably originated in the splanchnic nerves running in the dorsal abdominal walls, advancing into the adventitia of the duodenum near the caput pancreatis, in bundles of various sizes, together with a small number of vegetative nerve fibres. Thence they run into the Auerbach's plexus, as shown in Fig. 2 , and further into the tela submucosa or into the lamina propria mucosae, to terminate there.
Contrary to the case of white rat stomach,5) here in the duodenum I found almost no terminal formation of sensory nerve fibres in the muscular layers, as by the human tenth month embryo studied by Seto.3) Sada8) reports existence of sensory terminations of very peculiar form in the ganglia of the Auerbach's and Meissner's plexuses in human oesophagus, but I could not find such terminations in the stomach as well as the duo denum in white rat. Here, the sensory fibres merely run through the ganglia of the plexuses without showing any terminal formation.
The terminations of the sensory nerve fibres in the duodenum in white rat are divisible into the following 3 kinds, namely the branched, the glomerular and the snake-like endings. Branched endings are mainly formed in the lamina propria mucosae, though some are found also in the tela submucosa. The other two types of terminations are observable only in the tela submucosa.
According to Seto, 3) in the duodenum of the 10th month human embryo the sensory nerve fibres all end in branched terminations, and this type was the most prevalent also in the duodenum in white rat. The trunk fibres are sometimes represented by comparatively thick fibres (Figs. 3 and 4 ) but sometimes by finer fibres (Figs. 5, 6 and 7).
Fie. 4 Fig.  5 Fig . 4 . A bifurcated sensory termination of a thick nerve fibre and an unbranched termination of a fine nerve fibre found in lamina propria of white rat duodenum. c intestinal crypt. Same staining, X500, reduced to 2/3. Fig. 5 . A bifurcated sensory termination derived from a comparatively thin medullated fibre found in white rat duodenum. c intestinal crypt ; t vegetative terminalreticulum.
Same staining, X280, reduced to 1/2. at the left side of Fig. 3 is a branched ending composed of several branches covering a wide area. The terminal branches show conspicuous change in size at many points and peculiar windings, ending sharply or bluntly. Fig. 4 shows a bifurcated sensory termination derived from a thick sensory fibre accompanying an unbranched termination orgi nating in a fine sensory fibre. In Fig. 7 , many sensory nerve fibres, mostly minute, are seen running between the duodenal glands and a lymphatic node in tela submucosa, without showing any marked winding.
They are presumed to form a sensory branched termi nation originating in one trunk fibre. g duodenal gland. Same staining, X500, reduced to 1/2. Fig. 7 . Many thin sensory nerve fibres found between duodenal glands and a lymphatic node in tela submucosa of white rat duodenum, probably representing a branched termination derived from one main fibre. Same staining, X400, reduced to 2/3.
Though I could not find glomeurlar endings in the stomach of the white rat, seeing that Sato4) found a few of them in the mucous membrane of human stomach, I was led to infer their existence in the duodenum of white rat, and after a very painstaking research, could ascertain the existence of this type of endings in the tela submucosa of white rat duo denum, though in very rare instances.
These glomerular endings are composed of comparatively thick fibres, which show considerable change in size and peculiar meandering in their course, to present as the whole a glomerular arrangement of the terminal fibres, as shown in Fig. 8 . In the glomerulum specific cell nuclei of syncytial nature are found, but the connective tissue capsule around it is lacking.
The snake-like endings were first discovered by Sada8) in the human oesophagus, and I also could ascertain their existence in the tela sub mucosa of the stomach in white rat. Now I found them also in the tela submucosa of duodenum in white rat, and in some cases, in highly typical formation.
These endings consist in sensory nerve fibres of medium size running a typical snake-like or wave-like winding course for a comparatively long interval, after losing their medullar sheath, to end mostly bluntly, as shown in Fig. 9 . Fig. 10 also shows a snake-like ending found in tela submucosa, which shows a snake-like winding with partial crossing, re Fig . 8 . A non-capsulated simple glomerular termination composed of a thick fibre found in tela submucosa of white rat duodenum . Same staining, X1000, reduced to 1/2. Fig. 9 . A snake-like sensory termination found in tela submucosa of white rat duodenum.
v vegetative nerve fibres . Same staining, X420, reduced to 2/3. represented by the Stohr's terminalreticulum, which is sympathetic and parasympathetic at the same time and stands to supply all the tissue cells by contact.
In the duodenal walls of white rat are found sensory nerve fibres and their terminations, which presumably originate in the comparatively abundant sensory cerebro-spinal nerve fibres of the splanchnic nerves.
The sensory endings are classified into the three types of branched endings, glomerular endings and snake-like endings. The branched endings constitute the majority and are represented as comparatively widely diffused endings found also in the tela submucosa, but principally in the lamina propria mucosae. These endings consist of rather large sized main fibres, after losing their myelin, dividing into some branches which show in places neurofibril expansions and peculiar windings, and end sharply or bluntly. In the submucosa, these endings frequently reach the duodenal glands or run into lymphatic nodes. In the propria mucosae, they run around the crypts or further into the villi and even close up to the epithelium.
The glomerular endings are very rarely formed in the submucosa. They consist of thicker nerve fibres showing change in size and winding courses. They have some special syncytial nuclei but lack a connective tissue mantle.
The snake-like endings consist of sensory nerve fibres of medium size, which, upon becoming unmyelinated, run in snake-like or wave -like windings for a comparatively long course and terminate sharply or bluntly. Sometimes, these endings show a partial glomerular course. The existence of sensory nerve terminations in the duodenum, as described in the above, shows that, here, as well as in the stomach,5) transmission of sensory stimuli is effected by way of cerebro-spinal nerve fibres. The reason of their existence presumably consists, physiologically, in the formation of a reflex arc to promote secretion of digestive fluids, and pathologically, in the causing of peculiar duodenal pains.
